Purpose of Review Surgical management of the severely injured trauma patient is a balance between managing abnormal physiology and performing definitive repair of injuries. When hemodynamic impairment is present immediate care consistent with Advance Trauma Life Support (ATLSTM) guidelines is required. However, associated vascular and/or visceral compromise carry significant morbidity and mortality that must be addressed. Recent Findings This equilibrium, now manifest in the principles of damage control resuscitation, is the standard approach in trauma surgery. In the setting of combat, a remote and resource-limited environment, several other concerns affect management decisions. Summary Combat casualty care must take into consideration pre-hospital interventions, location, triage, supply, personnel, transportation, security, and operational conditions specific to theaters of conflict. Ultimately damage control is one of many forms of triage within the greater scope of trauma care.
Introduction
High casualty volumes and remote, austere locations have accelerated care advancements for the combat wounded during recent military engagements. Improvements in care have been dramatic, resulting in over a 95 % survival rate once a patient reaches the medical treatment facility (MTF) [1•] . As such, most deaths are now occurring in the pre-hospital setting [2] . Attention is being shifted to address this population of potentially salvageable casualties through the development of a remote damage control resuscitation (RDCR) initiative [3••] . Since the initial introduction of damage control surgery (DCS) in 1983, its application has broadened to include resuscitation and ICU management [4, 5] . Damage control resuscitation (DCR) has evolved from surgical techniques to a full Bcontinuum of care^including all stages of patient management [6] . Intuitively, the full spectrum of care should include system practices and operational planning. There is a long history of military and civilian trauma care providers informing each other's practice and the current era is no exception. However, the focus of this discussion will center on the forward military setting and its unique challenges.
Preparation and readiness are intrinsically related. The importance of preparation is elevated in austere conditions when absent or non-mission capable equipment, supplies, or personnel cannot readily be replaced. Preparation also addresses system-based practice which must be considered before the first casualty arrives. In the chaotic environment of combat, the roles of each team member must be reflexive in nature.
Considerations surrounding interventions and evacuation should be pre-determined for the most effective response. We know from civilian medical care that errors are more frequently caused by Bfaulty systems, processes, and conditionst han failure on the individual level [8] . A well-equipped and trained team within a robust logistical framework from the point of injury (POI) to definitive care is the best opportunity for improving injury outcomes.
The starting point for the US military is the modified table of organization and equipment (MTOE) representing a list of authorized personnel and equipment [7] . However, every mission will vary and modifications may be required from the initially anticipated resources. An iterative process known as the medical decision making process (MDMP) is a supported tool to optimize having the right people and equipment at the right place and time [9] . Professional and team development also is integral to the success of the preparation phase and can present a challenge during inter-war periods. Lessons from prior wars have often had to be re-learned during recent operations and preserving the lessons and experience already obtained is critical.
Pre-hospital Care, Scene Security, and Evacuation
The pre-hospital setting in combat environments is the epitome of austere medical care (Fig. 1 ). Ongoing fire fights may be occurring, supplies are typically restricted to what can be carried, polytrauma due to blast forces are frequent, rapid hemorrhage is a common presentation, extremes of temperature can be found, and the geographical location/terrain may have limited access. A recent analysis of potentially preventable combat deaths found that the majority (87 %) occur in the pre-hospital setting and are due to exsanguinating hemorrhage [2] . Significant advances have been made in the surgical care of military trauma patients and now the Bnext great leap forward^in survival is anticipated in the pre-surgical setting through the RDCR model [10] . As we understand more regarding the acute coagulopathy of trauma (ACT) early intervention, pushed forward to the POI has become essential [10-13, 14•] .
The Tactical Combat Casualty Care (TCCC) Guidelines divides POI care into three phases-care under fire, tactical field care, and tactical evacuation care. The first priority upon encountering a casualty (care under fire phase) is scene safety to include returning fire if necessary, obtaining cover, and prevention of additional injuries. In this first phase, early interventions to decrease the effects of flame (evacuation/extinguish) and self-aid/buddy-aid to apply tourniquets are employed. Airway, which is typically the first priority in ATLS, is deferred to the second, field care, phase of TCCC. Once the patient and provider have appropriate cover/distance, the tactical field care phase begins. This follows the familiar primary survey progression with the exception that patients with altered mental status should first be disarmed [15, 16] .
The maneuvers employed in tactical field care are described in Table 1 . Particular attention is focused on hemostatic and circulatory resuscitative maneuvers. External hemorrhage is treated with compression and zeolite-impregnated dressings (Combat Gauze, Wallingford, CT) for initial control. If topical approaches are inadequate to address hemorrhage such as injury location, type, transport concerns, or continued hemorrhage, a tourniquet is applied. The Combat Application Tourniquet (CAT, North American Rescue, Greer, SC) can be placed by the casualty or responder either directly on the extremity or over clothing and is currently carried by all warfighters. Tranexamic acid (TXA) is administered if large volume hemorrhage is expected. The fluid replacement of choice best matches that which was lost-whole blood. The full list of resuscitation fluids for casualties with evidence of hemorrhage-induced shock are listed by priority in Table 2 .
Non-compressible torso hemorrhage (NCTH) remains a continuing resuscitative dilemma in the pre-hospital setting. One device for NCTH control developed recently is the The AAJT is comprised of a wide belt which is secured, tightened with a windlass (similar to an extremity tourniquet), and followed by inflation of an air bladder to reach complete vascular occlusion [17, 18, 19•, 20] . Another alternative to NCTH control still under investigation is intraabdominal selfexpanding foam. After instillation in the abdominal cavity, a tamponade effect temporizes hemorrhage until arrival at the MTF when laparotomy for foam removal a vascular repair is required. A polyurethane polymer designed for administration by the first responder has demonstrated a survival advantage in animal models [21, 22•, 23] .
Vital sign targets of resuscitation have been the focus of discussion in recent years, specifically if fluids are provided to achieve normal blood pressure in the pre-hospital setting. There has been concern that crystalloid infusions can create dilution and modification of the coagulation profile resulting in clot instability and continued hemorrhage. The alternative, hemostatic resuscitation, which was framed in a trial comparing early versus delayed fluid administration in the 1990s has gradually gained acceptance [24] . Hemostatic resuscitation is advocated in the current TCCC guidelines with goals of either a palpable radial pulse, improved mental status, or SBP of 80-90 mmHg. If a known or suspected traumatic brain injury (TBI) is present, the target SBP is at least 90 mmHg [16] .
The pre-hospital environment is notoriously unpredictable in terms of climate control. Controlling the patient's temperature from extremes is one mechanism to limit the Blethal triadô f which hypothermia is a part. This can be accomplished through using the casualty's own gear, exchanging wet clothing, warm fluids, and use of either commercially available or improvised warming/insulating systems [15] . Hypothermia prevention is challenging during evacuation particularly when transport times are great and/or airframes with open transport bays are employed.
As the patient is moved away from the POI to the MTF, evacuation care commences, which is the third stage of TCCC. Tactical evacuation care mirrors the priorities and recommendations of field care with the caveat of some considerations specific to the type of transport. For dedicated evacuation platforms, the type of equipment and supplies are generally more protocolized and robust than immediate field care as they are not directly carried on the person. Two platforms, MEDEVAC and CASEVAC, are used for casualty evacuation with the former being dedicated to en route medical care whereas the latter is a conveyance of convenience. The primary survey and maneuvers are modified only in regard to changes in personnel capabilities (i.e., paramedic vs field medic) and transport concerns such as altitude, noise, space, and movement. Notification and planning for evacuation is initiated with a nine-line medical evacuation request. The nine-line format is a standardized format to crucial information in as concise a message a possible. The components of the nine-line (in order) are (1) pickup location, (2) communication frequency/parameters, (3) number of patients by precedence type, (4) required equipment (i.e., hoist, vent), (5) number of patients by litter/ambulatory status, (6) site security category, (7) method of marking to be used at the pickup, (8) patient nationality/status, and (9) terrain specifics/concerns [25] .
Initial Treatment Facility Triage
Once the casualty arrives at the MTF (such as a forward surgical team-FST), resources remain limited, but treatment possibilities are expanded. Ongoing triage occurs for casualties arriving at the MTF level, both at the scale of the individual and census of patients at the MTF. Triage is a mechanism to properly utilize resources which are overwhelmed by the quantity and injury severity of patients. The goal is to provide the most benefit within the constraints present. DCR is simply [15] Contingent on availability and local regulations a form of triage in which the limited resource at the patient level is time. The approach of rapid hemostatic and contamination control maneuvers with delay of non-essential definitive procedures is protective against coagulopathy and exsanguination. At the MTF level, a mass casualty situation will, by definition, overwhelm local capabilities. The US military employs a triage system that takes resources into account and provides a mechanism for re-assignment of category if the resource situation changes. The four categories used are:
& Immediate: These patients require attention within minutes-2 hours to avoid mortality or loss of vital function without intervention. Increased priority is given to those with a higher likelihood of survival. & Delayed: These patients require an intervention, but delay does not present an immediate threat to life or function. & Minimal: These patients require little medical attention and can often provide self-care. However, these patients can divert limited resources which can impair the outcomes of the more severely injured. & Expectant: These patients require large amounts of resources with minimal chance of recovery. Focus is centered on compassionate palliation unless the MTF resources and capabilities change.
In isolated locations, not only do current casualties direct triage decisions, but anticipated casualties must be taken into account for resource utilization [26] . After triage, and sometimes concurrently, the casualties will undergo standard primary and secondary surveys as part of a complete trauma evaluation.
Damage Control Resuscitation
Hemorrhage remains the leading cause of preventable death after trauma in the first 48 hours [27, 28] . Historically, resuscitation strategies have varied with foci on preoperative, intraoperative, and postoperative care. DCR is an evolving field focused on coagulopathy correction and hemorrhage control from POI to postoperative management. Research into optimal RDCR strategies to minimize mortality and morbidity include the following: early lyophilized plasma (LP) utilization, novel plasma reconstitution methods, balanced product resuscitation, fresh whole blood (FWB) transfusion, controlled resuscitation, and tranexamic acid (TXA) administration.
DCR aims to mitigate exacerbation of hemorrhage caused by ACT and iatrogenic coagulopathy (IC). The acute coagulopathy of trauma is present in at least 25 % of severely injured individuals and up to 60 % of patients with severe traumatic brain injury (TBI) [29] . Principal drivers of ACT that have been observed in the field prior to resuscitation include the following: tissue hypoperfusion, hyperfibrinolysis, inflammation, acute activation of the neurohumoral system, and the endotheliopathy of trauma (EOT) [30-33, 34•, 35-38] . ACT has been shown to be an independent predictor of mortality [39, 40] . These clinical findings are separate from iatrogenic coagulopathy (IC) which is attributed to crystalloid-induced acidosis, hypothermia, and dilution [33, 34•, 35, 36, 38] .
Plasma has been demonstrated to reverse ACT, IC, and EOT improving survival even without red cell transfusions [41•, 42-45] . POI plasma offers several significant physiological and logistical advantages over crystalloid resuscitation fluids or fresh frozen plasma (FFP) [44, 46••, 47] . Physiological improvements include reduced iatrogenic coagulopathy, improved endothelial function, a more physiological pH, and improved maintenance of intravascular volume [41•, 44] . Compared to FFP and fresh whole blood (FWB), LP has logistical benefits including reduced reliance on cold-chain storage, improved transportability, increased shelf life (2 years), and improved availability in austere pre-hospital settings [48] . In contrast to FWB, it can be preserved via multiple mechanisms including freezing, spray drying, or lyophilization [27] . In fact, freeze-dried plasma was used in World War II, but was discontinued due to disease transmission including hepatitis attributed to screening technique limitations [49] .
Although FWB is preferred because it contains all blood components, it is not always feasible in the forward operational environment and is rarely used in the civilian setting [48] . To meet the needs of austere pre-hospital environments, there is growing use of the two most common forms of LP: German LyoPlas and French FlyP. Currently, LP is utilized for damage control resuscitation as the primary resuscitation fluid by the Israeli Defense Forces, French special forces, and in Germany, where dried plasma is also used in the civilian setting [41•, 48, 50, 51] . In Germany alone, there have been over 230,000 transfusions of LyoPlas since 2007 with a similar safety profile to FFP [50] .
LP research is transitioning from proof of efficacy to optimization of the reconstitution process. A number of key concepts have recently been elucidated in traumatic swine models. LP reconstituted with water and ascorbic acid has been shown to reduce dysfunctional inflammation and oxidative DNA damage while reducing blood loss compared to FFP in a combat relevant multi-injury model in swine [52, 53] . Reconstitution with sterile water and LR buffered with ascorbic acid resulted in decreased blood loss and an anti-inflammatory benefit compared to NS and Hextend. Furthermore, hemorrhage control is maintained when the volume of reconstituted fluid is reduced by 50 % [54••]. These low-volume, hypertonic, and hyperosmotic plasma formulations are ideally suited for POI use in forward surgical settings, allowing early treatment of ACT.
Early plasma resuscitation has been shown to be safe and beneficial in multiple trials including several recent, large, multi-center civilian studies. Balanced resuscitation of plasma-packed red blood cells (PRBCs) can improve mortality, decrease total blood product requirements, and reduce complications [44, 47, 55••, 56••, 57, 58] . Current damage control resuscitation clinical practice guideline created by the United States (US) military, and many civilian massive transfusion protocols, dictate the use of plasma, platelets, and PRBCs in a 1:1:1 ratio in an effort to reproduce the effects of FWB [41•] . Likewise, The American College of Surgeons issued guidelines in 2015 for trauma resuscitation recommending BUniversal donor products should be immediately available on patient arrival to support a ratio-based transfusion [59] .F resh whole blood (FWB) is an amalgamation of procoagulant factors, oxygen-carrying red cells, and oncotic proteins that help mitigate coagulopathy and provide hemorrhage control [60, 61•] . FWB is currently utilized by the US Military in austere settings to augment available product as necessary. There are many logistical considerations when using FWB, especially the need for rapid screening protocols, due to risks to patients via transfusions that are not able to be screened in real time. Furthermore, the ready availability of FWB in the austere pre-hospital setting is limited by product availability and a short shelf life.
Damage control resuscitation is a significant part of patient care from POI to postoperative management. Appropriate controlled resuscitation with 1:1:1 product with early plasma administration provides the best opportunity for coagulopathy correction and hemorrhage control. LP is a safe and effective method for safely transitioning balanced resuscitation into the pre-hospital setting. Even with these resuscitation strategies, definitive surgical intervention with damage control surgery is often required in severely injured patients.
Damage Control Surgery (Fig. 2) Damage control principles were initially described in the setting of urgent laparotomy [4] . Whereas this initial concept has been expanded to include the full spectrum of trauma care, the type and timing of surgical interventions remain crucial. The primary focus of surgical interventions has become a form of resuscitation with interventions in the acute phase selected by whether they will improve hemodynamic stability and avoid coagulopathy, hypothermia, and acidosis. This is in distinction from prior approaches which placed an emphasis on definitive repair.
The presence or threat of instability, major hemorrhage, vascular injury, acidosis, hypothermia, and/or coagulopathy is indications for damage control surgery [62] . When this pathway is entered, the operative goals are to decrease operative time to less than 1 hour, limit contamination, and control hemorrhage. Among patients that meet criteria for damage control laparotomy, there remains some controversy among civilian trauma centers as to whether the fascia should be left open in all cases with a planned Bsecond look^as standard or selectively close the abdomen [63] . However, in the forward military setting, the abdomen is almost universally left open with a temporary closure device, partially to ensure full knowledge of injuries and intraabdominal interventions at higher echelons of care. At the conclusion of the procedure, communication of performed interventions is often written directly on the patient with indelible ink as a fail-safe for communication to higher echelons after evacuation.
Non-compressible torso hemorrhage (NCTH) is a challenge in decreasing battlefield mortality due to limited means of directly controlling hemorrhage once at the MTF as well as at the pre-hospital phase. Resuscitative endovascular balloon occlusion of the aorta (REBOA) is being implemented in the combat environment to mitigate against NCTH. Endovascular access is gained through the femoral artery and an occlusive balloon is inflated either above the celiac axis (for suspected intraabdominal hemorrhage) or above the aortic bifurcation (for suspected pelvic hemorrhage). This technology was first developed during the Korean War by Colonel Carl Hughes [64] . It has only recently gained increased application in the current era of improvements in endovascular technology. REBOA is not a definitive procedure in and of itself, but rather a bridge-buying time to obtain direct vascular control. In patients with recent or impending vascular collapse, REBOA is an appealing alternative to resuscitative thoracotomy. However, further study is required to establish whether REBOA or resuscitative thoracotomy is superior. Currently, the use of REBOA in theaters of operation is guided by a Joint Trauma System Clinical Practice Guideline [65, 66] .
Conclusion
After over a decade of involvement in the conflicts in Afghanistan and Iraq, the military medical community has made many advances-some learned and some rediscovered from past wars. One of the major developments has been the concept of damage control, which now is beginning to encompass all levels of care from the POI to definitive care. The concept of preventing or rapidly addressing the components of the Blethal triad^predicates all steps the combat casualty takes from preventive interventions, self-aid at the scene, initial responders, evacuation, surgical interventions, and transport.
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